Using X-ray diffraction it has been demonstrated that polycrystalline shattuckite can be synthesized by pulsed IR laser excitation of the thin layer of CuCl 2 aqueous solution with an organosilicon compound placed upon a paper or polymeric film substrate. This process can be realized directly in standard atmospheric conditions at room temperature. Samples exhibit change of colour at different angles of illumination due to birefringence and interference. Any desired pattern can be obtained by scanning of a laser beam on the substrate surface.
INTRODUCTION
Shattuckite Cu 5 (SiO 3 ) 4 (OH) 2 is a copper silicate hydroxide mineral which crystallizes in the orthorhombic dipyramidal crystal structure (Space Group: Pcab). Shattuckite crystal has rather high refractive index n α = 1.753, n β = 1.782, n γ = 1.815 and exhibit pleochroizm from pale to deep blue [1] [2] [3] . Shattuckite has strongly elongated unit cell with cell axial ratios a: b: c = 0.498: 1: 0.272 (a = 0.988 nm, b = 1.981 nm, c = 0.538 nm) [2, 3] . For investigation are used natural small crystalline or polycrystalline samples from different mines, which contain different admixtures and obtained results cannot be considered as general. At present there is scanty information about properties of this material [4] [5] [6] and methods of its synthesis. As a result in practice it used now as not expensive gem stone in jewelry. In the only reported work of the laboratory shattuckite synthesis [7] the hydrothermal method for crystal growth was used. However, this process takes up to 7 days and requires high pressure and temperature up to 10 3 kg/cm 2 (~10 8 Pa) and 500-600°C respectively. In this work it has been first demonstrated that shattuckite can be synthesized by laser excitation of the thin layer of copper(II) chloride aqueous solution in standard atmospheric conditions at room temperature and any desired shattuckite pattern can be obtained by scanning of the laser beam on the substrate surface.
PREPARATION AND PROCESS
As substrates were used banknote paper covered by organosilicon varnish typically applied for paper banknote manufacturing and commercially available polymeric film PET (polyethylene terephthalate) covered with an organosilicon compound protective layer. On the horizontally placed substrate was deposited a layer of saturated CuCl 2 aqueous solution.
Samples were irradiated by a single-mode Nd:YAG IR laser with a wavelength 1.06 μm. The pulse duration and laser beam diameter were 10 ns and 20 μm respectively. A single pulse energy was about 10 μJ. It corresponds to the power density in a pulse of the order ~10 8 W/cm 2 and energy fluence through the irradiated area in a single pulse 3 J/cm 2 . The pulse repetition frequency was 3 kHz. The beam was linearly swept irradiating a predetermined area on the substrate matrix forming the pattern shown below. Laser irradiation was carried out in standard air conditions at room temperature. The scanning process was controlled by a computer. 
RESULTS OF MEASUREMENTS
The shattuckite crystal structure formation has been determined by means of X-ray diffraction analysis. The measurements were performed on the "ComplefleX" X-ray reflectometer (CDP Systems). For the identification of a crystalline form was used PDF-4 database supplied with the "Phaser-2" diffractometer (Bruker GmbH). As Phaser-2 is a simple powder diffractometer without a sample rocking ability only diffraction measurements of the substrate could be repeated.
The CuK α spectral line (0.154 nm) was selected by HOPG thin film monochromator placed in a position of a spectrum analyzer in front of an X-ray detector [8] . Diffraction data were measured in the θ−2θ scanning mode with an angle step in a range Δθ=0.025÷0.05 o . By sample rotating around the normal to the sample surface and its rocking in the angle range (θ-5°, θ+5°) was found the sample orientation providing the maximum number and intensity of diffraction reflexes. X-ray diffraction scans of original (curve 1) and laser processed (curve 2) samples are shown in Figure 1 .
The most intense diffraction peak is observed from the paper matrix at 2θ=22.67°. It was used for diffraction data normalization. The experimental curve 2 was moved up for convenience of comparison. As can be seen from Figure 1 there are at any rate 12 diffraction peaks that can be attributed to shattuckite crystalline form. However, diffraction intensities differ from those tabulated in the PDF-4 database for a homogeneous powder sample. In addition, 9 small peaks approximately coincide with this phase. Other diffraction peaks from matrix can't be with rather high probability attributed to definite crystalline structures.
Optical images of the obtained structures are shown in Figures 2a, b . The pattern is a head profile (15 x 20 mm) formed by the laser beam scanning. The first image (2a) received at a fixed angle of reflection. The second image (2b) received at a variable angle of reflection from a broad spectrum light source. Observed colour changing may be explained by birefringence phenomena, which is characteristic for shattuckite [1] .
Atomic force microscopy images of the laser irradiated sample surface are shown in Figure 3 . shattuckite grains. It explains strong orientation dependence of the X-ray diffraction intensity. Formation of pyramid walls may be also explained by the movement of a heat flux front and probably by interaction of adjacent heat flux fronts generated by sequential laser line scans. Like a natural shattuckite, obtained crystalline structures are unsolvable in water and weak acids that may be considered as additional proof in favor X-ray data identification. It is reasonable to assume that by changing irradiation conditions and deposited layer composition other materials may be synthesized by this method.
CONCLUSION
We hope that the discovered technique of shattuckite synthesis by laser irradiation and formation of any desired pattern by a laser scanning beam should stimulate more detailed shattuckite properties investigation and search of its useful applications. From practical point of view, it is very important that this process can be realized directly in standard atmospheric condition at room temperature and total scan time of an area ~1 cm 2 may require less than 1 s.
The first specific feature is the formation of sharp pyramid and cone-like structures randomly distributed on the surface with maximum height up to 0.5 μm. Another peculiarity is a wall formed by the densely located pyramids and cones with an average height of 0.3 μm.
DISCUSSION
The above mentioned power density of a laser pulse and energy fluence result in the explosive boiling state in the irradiated sample area [9] which is quickly cooled. According to experimental measurements and calculations [10] the maximum temperature during laser irradiation may be in range 3000-3500°C. One may conjecture that high pressure required for shattuckite growth are created due to an acoustic pressure accompanying pulsed laser heating of the paper matrix with deposited CuCl 2 aqueous solution. The crystal growth should be very fast during a time range of a few milliseconds. In case of sequential linear scan mode the heat flux front created by laser irradiation primarily moves in the direction perpendicular to a line scan. It reasonable to expect that in this direction large mechanical stress should be created that leads to rotational displacement of 
